Flight Hardware. Flight hardware consisted of four concentrically sealed bags of heat-sealable Kapak plastic (Fisher Scientific, Springfield, NJ). The innermost bag measured approximately 10 x 10 cm and contained approximately 100 ml of 2% (v/v) glutaraldehyde in 0.05 M sodium cacodylate buffer (pH 6.9). This 'fixative bag' was placed inside a 'growth chamber' bag measuring approximately 25 x 30 cm containing the plant material (see below) and inflated to near capacity with air. This bag was then sealed inside two other Kapak bags. We launched 12 of these bags, each containing 2 to 6 seeds. Ground controls were also grown in Kapak bags.
Graviperception by roots is believed by many to occur via the sedimentation of amyloplasts in columella cells of the root cap (1) . Observations consistent with this belief are as follows: (a) Differentiation of columella cells is characterized by the differentiation and sedimentation of amyloplasts (9, 10, 12) . (b) Kinetics of amyloplast sedimentation are consistent with their involvement in graviperception (1, 13) . (c) Removal of amyloplast starch from columella cells abolishes root graviresponsiveness (6) . (d) Decapped roots are not graviresponsive (4, 7) . The resumption of graviresponsiveness by these roots correlates positively with the differentiation and sedimentation of amyloplasts in cells of their tips (4) . These observations suggest that graviperception involves the sedimentation of amyloplasts (statoliths) in columella cells (statocytes). Although these correlations are convincing, they must be tempered by the recent report (3) that roots of an Arabidopsis mutant are gravireponsive despite the fact that their columella cells lack amyloplasts.
In contrast to the numerous studies of root graviresponsiveness of Ig (4, (7) (8) (9) (10) 13) is the absence of reliable data for the influence of gravity on the structure of amyloplasts and columella cells. This absence of data is understandable, however, since (a) such investigations require growing controls in microgravity, and (b) clinostats have been shown to be of dubious value for mimicking microgravity (2) . 8 h, placed against moist pieces of filter paper, and loaded into the growth chamber bag of the flight hardware. Due to loading restrictions, imbibed seeds were loaded onto the orbiter Columbia 13 h before launch. We used data from a temperature recorder in the flight locker to ensure that controls were grown at the same temperature (±2°C) as flight-grown seedlings. Plants were grown in darkness throughout the experiment.
Protocol on Orbit. Our experiment was terminated after approximately 4.8 d on orbit. Mission Specialist Franklin ChangDiaz ruptured the inner fixative bag of glutaraldehyde and kneeded its contents into the growth chamber bag, thereby submerging the seedlings in fixative.
Microscopy and Morphometry. Preparation of tissue for microscopical observation was as described previously (8) . We examined randomly selected columella cells from random radial sections of 8 caps of primary roots of flight-grown seedlings and Earth-grown controls. Methods of sample randomization, point counting, and calculating relative and absolute volumes were as described by Steer (15) . The formula Pt = [(0.453)(1-Vv)/ (Vv)(E2)(Vv)] was used to determine the total number of points (Pt) necessary to obtain relative volumes (Vv) with relative errors (E) less than 5% (18) . Morphometric analyses were facilitated by use ofthe MORPHO computer program ofVodopich and Moore (16). Student's t test (14) was used to determine the significance level of differences between means. Differences with probability (P) levels >5% were considered insignificant.
RESULTS AND DISCUSSION
The influence of microgravity on the dimensions and volumes of columella cells of primary roots of Z. mays is shown in Table  I . Table II (5) . However, Brown and Chapman (2) have recently used the space shuttle to demonstrate that results from simulated weightlessness from clinostats and from true microgravity are significantly different (also see Ref. 17 ). Taken together, our data suggest that gravity significantly alters the structure of amyloplasts, and that this gravity-induced alteration of organelle structure is 'site-specific,' in that all components of the organelle (e.g. number versus size of amyloplasts) are not equally affected. We suggest that the structure and development of different components of amyloplasts (and other organelles-R Moore, unpublished data) are under differing developmental controls, only some of which are influenced by gravity.
Also consistent with this suggestion is the fact that the stroma of amyloplasts is less altered by microgravity than is starch volume. Indeed, the relative volume of starch in amyloplasts increases 61% in gravity (i.e. as compared to microgravity). These results indicate that gravity increases starch accumulation and the volume of amyloplasts in columella cells of Z. mays. Our data do not allow us to determine if this increased accumulation of starch results from an increased rate of synthesis or a decreased rate of catabolism. Whatever the case, these results indicate that gravity significantly alters the biochemistry of starch anabolism and/or catabolism in columella cells of Z. mays.
Data presented here indicate that gravity significantly alters (a) how putative graviperceptive cells partition their volumes to putative statoliths, and (b) the structure of putative statoliths. Specifically, gravity increases the relative and absolute volumes ofstatoliths, the average volume per statolith, the average volume per starch grain, and the relative volume of starch in amyloplasts. Gravity does not significantly alter the number of starch grains per amyloplast or the number of amyloplasts per columella cells.
